Vagal cold block increased arterial blood pressure but not the secretion of renin (radioimmunoassay) in 17 of 20 anesthetized mechanically ventilated dogs with aortic nerves cut and carotid sinuses intact. Vagal block caused an increase in renin secretion in four dogs with aortic nerves cut when the carotid sinuses were vascularly isolated; this was abolished or greatly attenuated when the carotid baroreflex was allowed to function normally. In five dogs with aortic nerves cut, vagal cold block caused an increase in arterial blood pressure and in inhibitory nerve traffic from the carotid baroreceptors. In 7 of 10 dogs, a nonhypotensive hemorrhage (4 ml/kg) increased renin secretion before but not after vagotomy. Nine of 11 dogs released renin during hemorrhage before and after sham vagotomy.
CONSIDERABLE EVIDENCE indicates that cardiopulmonary receptors with vagal afferents mediate a reflex control of renin secretion through the renal sympathetic nerves. In anesthetized dogs, mechanical excitation of right and of left atrial receptors and chemical excitation of ventricular receptors subserved by vagal afferents resulted in a decrease in the secretion of renin induced by low salt diet or by moderate hemorrhage. 1 " 3 Acute interruption of vagal afferent traffic in anesthetized and mechanically ventilated dogs with aortic nerves sectioned and carotid sinuses vascularly isolated and maintained at constant pressure caused an increase in the secretion of renin. 4 This study suggests that vagally innervated cardiopulmonary receptors continuously inhibit renin secretion. However, elimination of arterial baroreceptors may result in augmented activity of the cardiopulmonary receptors 5 and thus exaggerate the apparent magnitude of the tonic inhibition of renin secretion. The contribution of vagal cardiac receptors to the compensatory cardiovascular adjustments to hemorrhage has been reported to be insignificant in the presence of normally functioning baroreceptor reflexes." Also, the inhibition of the vasomotor center by cardiopulmonary receptors has been shown to be inversely related to that of the carotid baroreceptors. 5 ' 7 -a It is not certain, therefore, that a release of renin would occur in response to interruption of cardiopulmonary afferent vagal traffic when the carotid baroreceptors are free to exert their buffering influence.
After vagal section or cold block in anesthetized dogs with normally functioning arterial baroreceptors, Hodge et al. 9 observed an increase in the concentration of angiotensin II in the circulating blood, and Yun et al., 10 an increase in plasma renin activity. In these studies, afferent inhibitory traffic from aortic baroreceptors was interrupted, together with that from the cardiopulmonary receptors. Yun et al. showed that denervation of the arterial baroreceptors alone resulted in an increase in plasma renin activity. In both studies, interruption of afferent traffic from aortic baroreceptors may have contributed to the release of renin that followed cervical vagotomy. In the experiments of Yun et al., renal perfusion pressure was maintained constant by means of a suprarenal aortic snare; renal blood flow was not measured. The dogs were maintained on a high salt diet (180 mEq Na + daily). The consequent increase in blood volume could have augmented the inhibition of renal sympathetic nerve activity exerted by cardiopulmonary receptors" and reduced arterial baroreflex sensitivity. 12 ' l3 We therefore reexamined the continuous inhibition of renin secretion by vagally innervated cardiopulmonary receptors. We used two approaches. In dogs with aortic nerves sectioned, the cervical vagal nerves were cold blocked reversibly when the carotid sinuses were in continuity with the arterial circulation and when they were vascularly isolated. In another group of dogs, dichotomy VOL. 42, No. 2, FEBRUARY 1978 between arterial baroreceptors and cardiopulmonary receptors was achieved by means of a nonhypotensive hemorrhage as employed by Gupta et al. M The dogs were bled before and after interruption of afferent traffic from cardiopulmonary receptors with vagal afferents.
Methods
Mongrel dogs weighing 15-18 kg were anesthetized with sodium thiopental (30 mg/kg, iv) followed by alpha chloralose (80 mg/kg, iv). Supplemental doses of chloralose were given hourly (5-10 mg/kg). A cuffed endotracheal tube was inserted and the dogs were ventilated artificially with oxygen at a frequency of 12 cycles/min and a tidal volume of 20 ml/kg. Arterial PO 2 , Pco 2 , and pH were measured at intervals, and Pco 2 was maintained at 30-40 mm Hg by adjustment of respiratory frequency. When necessary, sodium bicarbonate was given intravenously to maintain pH between 7.3 and 7.4. During the surgical preparation and throughout the recording of carotid sinus nerve activity, muscle movement was prevented by gallamine triethiodide (Flaxedil, 3 mg/kg, iv). Body temperature was kept above 37°C with a heating blanket. Prior to cooling or section of the cervical vagal nerves, atropine was given (0.2 mg/kg hourly, iv). All dogs in which determinations of renin secretion were to be made were maintained for 5 days prior to study on a daily intake of 65 mEq Na + and 55 mEq K + .
Aortic Nerve Denervation
The aortic nerve on each side was dissected free from the vagosympathetic trunk distal to the nodose ganglion and identified by recording afferent traffic. The aortic nerve was traced distally to its junction with the vagus or the sympathetic nerve and cut. 15 This procedure results in acute loss of the baroreflex and the chemoreflex from the aortic arch, and the baroreflex from the major intrathoracic arteries. 1 " The cervical sympathetic nerves were cut distal to the cranial cervical ganglion.
Carotid Sinus Preparation
Each carotid sinus was prepared to allow its reversible exclusion from the systemic circulation. The lingual and cranial thyroid arteries were cannulated, and occlusion snares were placed on the common and external carotid arteries. The occipital, the internal carotid, the ascending pharyngeal, and any small arteries arising from the carotid region were ligated. When vascularly isolated, the carotid sinuses were perfused at nonpulsatile pressure with heparinized Krebs-Ringer-bicarbonate solution equilibrated with a gas mixture of 95% O 2 and 5% CO 2 . A Starling resistor in the return line to the perfusion system allowed pressure in the isolated sinuses to be set at a desired value. When the occlusion snares were released, the carotid sinuses were perfused naturally with systemic arterial blood.
Vagal Cold Block
The afferent traffic in each cervical vagus was interrupted temporarily by cooling the nerves to a temperature of 0°C measured at the surface of one nerve. 1 "
Hemodynamic Measurements
A cannula connected to a Y tube was placed in the femoral artery. A catheter was passed through one arm of the Y into the abdominal aorta to record systemic arterial pressure with a Statham model P23Dd transducer. The other arm of the Y was connected to a withdrawal syringe for controlled bleeding. A catheter was inserted via the femoral vein to record central venous pressure. Mean blood pressure was obtained by electronic damping of the pulsatile signal. Heart rate was counted from the arterial pulse tracing. Measurement of renal arterial blood flow was made with noncannulating electromagnetic flow transducers (Carolina Medtronics). The left renal artery was exposed retroperitoneally via a lumbar incision. In each experiment, the zero flow signal was obtained with a snare occluder placed around the artery downstream of the flow transducer. At the conclusion of each experiment, a pump-reservoir system was used to calibrate the flow transducer in situ by timed collections of known volumes of the dog's own blood.
Recording of Nerve Activity
The right or left carotid sinus nerve was identified and cut at its junction with the glossopharyngeal nerve and then dissected to the carotid region. 17 The sinus nerve was placed on a black plastic dissecting stage and immersed in a pool of mineral oil at a temperature of approximately 36°C. The nerve sheath was visualized with a binocular dissecting microscope and removed, and the perineurium was split with a sharp probe. Afferent nerve traffic was recorded from thin filaments placed on Ag/AgCl electrodes and connected to a Grass probe (HIP 51 IE). The signal was amplified by a Grass band-pass amplifier (P511) with the high frequency cutoff set at 300-3000 Hz and the low frequency cutoff at 30 Hz. The output of the amplifier was displayed on a Tektronix oscilloscope and on a Honeywell Visicorder. The output of the amplifier also was fed into a loudspeaker and into a discriminator unit which had the capacity to count spikes whose voltage exceeded the window setting. Signals were integrated continuously over counting cycles of 100 or 1000 spikes.
Renin Measurements
Blood samples (4 ml) were withdrawn simultaneously from catheters placed in the abdominal vena cava upstream (V,) and downstream (V. 2 ) from the renal veins. The position of the catheters was verified at the conclusion of the experiment. In some experiments, blood samples were drawn simultaneously from the aorta and from the left renal vein via a catheter placed in the gonadal vein. Sample blood loss was replaced with 5% dextrose in water. The blood samples were collected in commercially available chilled tubes (5-ml Vacutainer) containing K ;l EDTA, and the tubes were centrifuged at 4°C. Renin activity of the separated plasma was measured by radioimmunoassay according to the method of Haber.'* Three determinations were made on each sample, and the mean of these readings was expressed in nanograms of angiotensin generated in 1 ml of plasma per hour. The accuracy and reproducibility of the method were tested in 68 replicate determinations on a plasma pool of samples from 32 dogs. The mean plasma activity was 13.87 ng/ml per hour with a coefficient of variation of 9.4%. In 76 additional replicate determinations on a second pool of plasma samples obtained from 12 dogs, the mean plasma renin activity was 6.45 ng/ml per hour with a coefficient of variation of 7.6%. It has been shown previously that excessive substrate consumption does not limit the rate of angiotensin I formation in this assay. 4 The hematocrit was measured from at least two femoral arterial samples, and the renin release was taken as the product of the venousarterial renin difference and the renal plasma flow.
Blood pressures, blood flows, actual and integrated nerve traffic, and marker signals were recorded on a Honeywell ultraviolet recorder (Visicorder model 1508).
Protocols

Vagal Cold Block
Both cervical vagal nerves were cold blocked (0°C) for periods of 3-4 minutes in 20 dogs with both aortic nerves sectioned. Hemodynamic measurements and estimations of renin secretion (V,, V 2 sampling) were made before and at the end of the 3rd minute of vagal cold block. The vagi then were rewarmed to 37°C. A period of 15-20 minutes was allowed between successive cold blocks. In eight dogs, after two vagal cold blocks, blood volume was expanded by a transfusion of 3% dextran in saline (10 ml/kg) to augment the activity of cardiopulmonary receptors. 19 A third vagal block then was carried out. The dogs then were hemorrhaged rapidly to an arterial pressure of 40 mm Hg, and final blood samples were taken for determination of plasma renin concentration. In each of 12 dogs, one or two vagal cold blocks were carried out before a hemorrhage of 6 ml/kg. The rate of bleeding was 0.5 ml/kg per minute. Hemodynamic measurements and estimations of plasma renin concentration were made before and 3 minutes after the hemorrhage had been completed. The dogs then were hemorrhaged rapidly to 40 mm Hg, and final blood samples were taken for estimation of plasma renin activity.
In each of the 20 dogs, the carotid baroreflex was demonstrated by the increase in systemic arterial pressure during bilateral carotid occlusion. Vagal cold block was performed before and during bilateral carotid occlusion, and the changes in systemic arterial pressure were measured.
Both carotid sinuses were prepared for reversible vascular isolation in four dogs. Renal blood flow was measured and catheters were placed in the renal vein and in the abdominal aorta to provide blood samples for measurement of plasma renin activity. Renin secretion was calculated as the product of renal plasma flow and the arteriovenous difference in renin concentration. Hemodynamic measurements and estimations of renin secretion were made before and at the end of the 3rd minute of vagal cold block. This was done in each dog with the sinuses vascularly isolated and maintained at a mean pressure equal to mean systemic arterial pressure prior to isolation and with the carotid sinuses in continuity with the systemic arterial system.
Nonhypotensive Hemorrhage
Two hemorrhages of 4 ml/kg were carried out in each of 27 dogs. The rate of bleeding was 0.5 ml/kg per minute. Previous studies have shown that hemorrhage at VOL. 42, No. 2, FEBRUARY 1978 this rate and of this magnitude does not alter plasma concentrations of sodium and potassium or plasma osmolality 20 " 21 or cause an increase in the secretion of catecholamines. 22 In 13 dogs after reinfusion of the blood with-Data Analysis was measured before and during vagal cold block and after rewarming.
drawn in the first hemorrhage, both cervical vagus nerves were infiltrated with procaine hydrochloride and sectioned. In 14 dogs, the vagi were exposed but not sectioned. Hemodynamic measurements and estimations of renin secretion (V,, V 2 sampling) were made before and 3 minutes after the hemorrhage had been completed and 15 minutes after the withdrawn blood had been reinfused. A period of 30 minutes was allowed before the second hemorrhage was conducted. If mean arterial blood pressure decreased by more than 10 mm Hg during either hemorrhage, the dog was discarded from the series.
Carotid Sinus Nerve Traffic
Recordings of afferent traffic from the right or left carotid baroreceptors were made in few-fiber preparations dissected from the sinus nerve in five dogs subjected to a 4 ml/kg, and in four dogs subjected to a 6 ml/kg, nonhypotensive hemorrhage. Integrated nerve activity was measured before and 3 minutes after completion of the bleeding and 5 minutes after the drawn blood had been reinfused.
In five dogs, three of which also were studied during nonhypotensive hemorrhage (4 ml/kg), integrated afferent nerve activity from the right or left carotid baroreceptors
To determine whether or not an increase in renin secretion had occurred during vagal cold block or hemorrhage, comparison between control, test, and recovery situations was made for V, measurements only, V 2 measurements only, and for V 2 -V] measurements. If plasma renin concentration was greater during test than during control and recovery in two of the three methods of analysis, an increase in renin secretion was considered to have occurred. Statistical analysis by Student's /-test for paired observations was made for V, samples in the eight dogs subjected to three periods of vagal blockade per dog, and the 12 dogs subjected to one or two periods of vagal blockade per dog. Measurements of renin concentration made in control and recovery periods were averaged and compared with the data obtained during vagal block. The data on renin secretion during nonhypotensive hemorrhage before and after vagotomy were analyzed by the X 2 test ( 2 x 2 contingency table). The level of significance was taken as 0.05 for both tests.
Grouped data are presented in the figures as means and standard errors. Significant differences (Student's ttest) between control and test observations and between test and recovery observations are indicated.
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Results
Vagal Block Intact Carotid Sinuses
Forty-two periods of vagal cooling were carried out in 20 dogs with aortic nerves sectioned and carotid sinuses intact. In 17 dogs (36 coolings), vagal blockade did not result in an increase in the secretion of renin. Two of the three dogs in which vagal blockade increased renin secretion exhibited the smallest increases in arterial blood pressure during bilateral carotid occlusion. Severe hemorrhage caused a release of renin in each of the 20 dogs.
In the eight dogs in which multiple periods of vagal cold block were tested, the mean difference in the averaged values of plasma renin concentration in control and recovery V, samples and those obtained during vagal block was 1.465 (SE, ± 0.8284) ng/ml per hour. This difference was not statistically significant. However, one of the eight dogs did show an increase in renin secretion during each of the three periods of vagal block, and these data are presented separately. The grouped data from the seven dogs in which vagal block did not result in an increase in renin secretion are shown in Figure 1 . The mean increases of 7 ± 1 and 8 ± 1 mm Hg in arterial blood pressure during vagal block before and of 11 ± 1 mm Hg after expansion of blood volume were statistically significant. Bilateral carotid occlusion caused arterial blood pressure to increase from a mean of 150 ± 5 mm Hg to 195 ± 10 mm Hg; vagal block caused a further rise to 220 ± 8 mm Hg.
The data from the single dog among this group of eight which showed an increase in the secretion of renin during vagal block are shown in Figure 2 . Arterial blood pressure increased by 18 and 16 mm Hg during vagal block before and by 16 mm Hg after expansion of blood volume. These increases in arterial blood pressure during vagal block were the largest recorded in this group. In this dog, bilateral carotid occlusion caused mean arterial blood pressure to increase from 150 to 206 mm Hg; vagal block caused a further increase to 233 mm Hg.
In the 12 dogs subjected to both vagal block and a nonhypotensive hemorrhage of 6 ml/kg, the mean difference in the averaged values of plasma renin concentration in control and recovery V, samples and those obtained during vagal block was 0.842 ± 0.4251 ng/ml per hour. This difference was not statistically significant. Two of the 12 dogs, however, did have an increase in renin secretion during vagal block, and these data again are presented separately. The grouped data for the 10 dogs in which there was no increase in renin secretion during vagal block are given in Figure 3 . During vagal block there was a statistically significant increase in mean arterial blood pressure from 126 ± 3 to 133 ± 4 mm Hg. During hemorrhage there was a decrease in mean arterial blood pressure from 137 ± 4 to 135 ± 4 mm Hg; this was not statistically significant. The largest fall in mean arterial pressure was 5 mm Hg (four dogs). Bilateral carotid occlusion increased mean arterial blood pressure from 130 ± 4 to 185 ± 7 mm Hg; vagal block resulted in a further increase to 213 ± 6 mm Hg.
All 12 dogs had an increase in renin secretion during the hemorrhage of 6 ml/kg.
The data from the two dogs that had an increase in renin secretion during vagal block are shown in Figure 4 . The increases in mean arterial blood pressure of 33 and 38 mm Hg during vagal block in one dog were the largest recorded in this group of 12 dogs. Bilateral carotid occlusion in this dog caused mean arterial blood pressure to increase from 141 to 150 mm Hg; vagal block caused a further rise to 200 mm Hg. In the second dog, bilateral carotid occlusion caused arterial blood pressure to increase from 155 to 172 mm Hg; vagal block resulted in a further increase to 215 mm Hg. In 3 of the 10 dogs in which vagal block did not increase the secretion of renin, vagal block during bilateral carotid occlusion caused increases in arterial blood pressure of 51 mm Hg in 2 dogs and of 90 mm Hg in 1 dog.
Reversible Isolation of Carotid Sinuses
In four dogs, nine vagal blocks were carried out with the carotid sinuses in continuity with the systemic arterial circulation and eight vagal blocks with the sinuses vascularly isolated and maintained at a pressure equal to the mean arterial blood pressure before isolation. The data are presented in Figure 5 . The increase in renin secretion during vagal block with carotid sinuses isolated (mean increase, 637%) was markedly attenuated or abolished when the carotid baroreceptors were free to exert their buffering capacity (mean increase, 87%).
When the carotid sinuses were vascularly isolated, vagal cold block caused a mean increase in arterial blood pressure of 36 ± 8 mm Hg and a mean decrease in renal blood flow of 0.4 ± 0.1 ml/g per minute. Corresponding values for vagal block with carotid sinuses in continuity with the arterial system were 6 ± 2 mm Hg and 0.1 ± 0.05 ml/g per minute. The mean control renal blood flow was 4.4 ± 0.5 ml/g per minute with the sinuses vascularly isolated and 4.0 ± 0.4 ml/g per minute with the sinuses in continuity. These values for control renal blood flow were not significantly different.
Nonhypotensive Hemorrhage before and after Vagotomy
In three of the dogs with vagotomy and three of the dogs with sham operations, neither of the two hemorrhages caused an increase in the secretion of renin. These dogs therefore were eliminated from the analysis. An increase in the secretion of renin before but not after vagotomy was recorded in 7 of 10 dogs. Three dogs had an increase in renin secretion during hemorrhage both before and after vagotomy. Nine of 11 dogs bled before and after a sham vagotomy had an increase in renin secretion on both occasions. In two dogs, the first but not the second hemorrhage was accompanied by an increase in the secretion of renin. The mean data from the vagotomized and the sham-operated dogs are shown in Figure 6 . During the second hemorrhage, 70% of the vagotomized dogs did not have an increase in renin secretion compared to 18% in the sham-operated group. This difference was statistically significant (x 2 test, P = 0.008).
In the seven dogs in which plasma renin activity was increased by a nonhypotensive hemorrhage before but not after vagotomy, section of the vagal nerves did not appear to change plasma renin activity significantly. Mean plasma renin activity in V, samples was 16.6 ± 4.7 ng/ml per hour before, and 20.7 ± 11.6 ng/ml per hour, 30 minutes after vagotomy. Corresponding values for the V 2 samples were 18 ± 6.3 and 25.7 ± 14.7 ng/ml per hour. The before and after differences in the V, and the V 2 samples were not statistically significant. Mean arterial blood pressure at the time of sampling 30 minutes after vagotomy was 142 ± 8 mm Hg compared to 152 ± 5 mm Hg before nerve section; this difference was not statistically significant.
In neither the vagotomized nor the sham-operated group did the hemorrhage of 4 ml/kg cause significant differences in arterial systolic, diastolic, or pulse pressures (Fig. 6 ). During the bleeding there were small and inconstant changes in heart rate; central venous pressure decreased by 0.5-1.0 cm H 2 O.
Carotid Sinus Nerve Traffic
Data concerning the afferent traffic recorded during nonhypotensive hemorrhage (nine dogs) and vagal cold block (five dogs) from few-fiber preparations dissected from the carotid sinus nerve are presented in Table 1 . Carotid nerve activity did not decrease during either the 4 ml/kg or the 6 ml/kg bleeding. During vagal cold block, increases in arterial blood pressure ranged from 6 to 19 mm Hg; carotid nerve activity increased from 9% to 52%.
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Discussion
Of the several mechanisms that can influence the secretion of renin, change in the activity of the renal sympathetic nerves appears to be important. Electrical stimulation of renal sympathetic nerves at intensities that do not alter renal blood flow or perfusion pressure results in an increase in renin secretion. 2 ' 1 Renal sympathetic nerves have been shown to be the principal mediators of the increase in renin secretion in such different situations as electrical stimulation of the vasomotor center, tilting to the upright position, and suprarenal aortic stenosis. 24 These findings imply that any receptor system that can change renal sympathetic nerve activity reflexly can influence the secretion of renin. However, receptor systems with this capability may not be equally sensitive to a particular disturbance. Also, if the disturbance involves more than one system, the interaction between the systems may result in no change in renin secretion. The present study illustrates these points.
A moderate hemorrhage that did not decrease arterial baroreceptor activity resulted in an increase in renin secretion. Failure of the same hemorrhage consistently to release renin after vagotomy, and the significant difference in the response of the vagotomized and the shamoperated group to the second hemorrhage, indicated that the release of renin during nonhypotensive hemorrhage principally resulted from a reduction in inhibitory traffic from cardiopulmonary receptors subserved by vagal afferents. This finding and the observations on carotid sinus nerve traffic substantiate the earlier observation by Gupta et al. 14 that, in the dog, "low pressure" receptors are more sensitive to changes in blood volume than "high pressure" receptors. Several previous studies have suggested that cardiac receptors are involved in the increased secretion of renin observed during moderate nonhypotensive hemorrhage. 20 -2 ' 1 "• 2I ' The present study provides positive support for these suggestions and indicates that, in dogs with intact arterial baroreflexes, cardiopulmonary receptors with vagal afferents exert a tonic inhibition of the secretion of renin. The experiments do not provide an explanation for the increase in renin secretion after vagotomy in three dogs.
Total interruption of afferent vagal traffic from cardiopulmonary receptors by cold block increased renin secretion in only 3 of 20 dogs with aortic nerves sectioned and carotid sinuses intact. The 95% confidence interval for this estimate of the dogs in the population which would release renin under similar circumstances is from 3% to 38%. This implies that, in dogs with intact carotid sinuses and aortic nerves sectioned, vagal cold block would not increase renin secretion in 62% or more of the animals examined, and that any hypothesis stating that P is some value not included in the interval quoted can be rejected at the 0.05 level. In fact, in seven other dogs in which renin secretion was increased by a nonhypotensive hemorrhage (4 ml/kg), plasma renin activity was not significantly different in samples taken before and 30 minutes after vagal nerve section. The above findings are in contrast to results of a previous study from this laboratory in which vagal block resulted in an increase in renin secretion in 12 of 14 dogs with aortic nerves sectioned and carotid sinuses denervated or vascularly isolated. 4 The failure of vagal block or section to increase the secretion of renin in these 24 dogs is ascribed to an increase in carotid baroreceptor inhibitory activity in response to complete withdrawal of cardiopulmonary inhibition. Three lines of evidence support this argument. The increase in renin secretion and in arterial blood pressure during vagal block with the carotid sinuses vascularly isolated, and thus prevented from exercising their buffering capacity, was greatly attenuated or abolished when the sinuses were connected normally to the systemic arterial system. In five dogs with aortic nerves sectioned and one carotid sinus undisturbed, vagal cold block resulted in increases in arterial blood pressure and in sinus nerve traffic. In two of the three dogs in which vagal block resulted in an increased secretion of renin, the increase in arterial blood pressure during bilateral carotid occlusion was markedly subnormal and suggested impairment of the baroreflex.
It was thought that failure to increase renin secretion during vagal cold block in dogs with carotid sinuses free to exert their buffering influence was not due to the small but significant rise in systemic arterial and thus in renal perfusion pressure. In two of the three dogs with an increase in renin secretion during vagal cold block with intact carotid sinuses, the accompanying increases in systemic arterial pressure were the highest of the entire group of 20 dogs (18 and 33 mm Hg). Vagal cold block in dogs with carotid sinuses vascularly isolated resulted in greater increases in systemic arterial pressure and in renin secretion than when the sinuses were in continuity with the systemic circulation. In the study by Mancia et al., 4 increased renin secretion was accompanied by mean increases in systemic arterial pressure of 20 mm Hg (carotid sinuses isolated) and of 45 mm Hg (carotid sinuses denervated).
It might be argued that the failure of vagal cold block to result in an increase in the secretion of renin in the present experiments was due to there being no or minimal afferent inhibitory traffic prior to block. Two sets of observations indicate this was not the case. Vagal cold block both before and during carotid occlusion resulted in significant increases in arterial blood pressure. Nonhypotensive hemorrhage, which did not cause a decrease in carotid sinus nerve traffic, resulted in an increased secretion of renin before but not after vagotomy. Failure to observe an increase in renin secretion after vagotomy was unlikely to have been due to the interval of 30 minutes between samples taken before and after nerve section. An increased secretion of renin and of angiotensin has been observed 50 and 90 minutes after combined section of aortic and cardiopulmonary afferent inhibitory nerves, and 60 minutes after combined section of inhibitory fibers from aortic and carotid sinus baroreceptors. 9 " 10 Objection might be taken to the estimation of renin secretion from the difference in the renin activity in blood samples taken above and below the renal veins. In dogs with intact carotid sinuses, vagal section' 1 or cold block (this study) caused no change in renal blood flow. Vagal block in dogs with aortic nerves cut and carotid sinuses vascularly isolated did not cause a decrease in cardiac output. Thus it is unlikely that blood flow at the two sampling sites was different in control and test situations in the vagal block experiments.
We found no information in the literature as to changes in and redistribution of cardiac output with a hemorrhage of 4 or 6 ml/kg. However, renal blood flow is unchanged during a hemorrhage of 10 ml/kg before and after vagotomy. 3 One would anticipate that a smaller hemorrhage would have the same hemodynamic consequences before and after vagotomy, and thus the relation between caval and renal blood flows would not be altered by vagotomy. The finding of an increase in renin concentration in V 2 samples during hemorrhage before but not after vagotomy probably reflects a real change in renin secretion.
The present study illustrates some of the difficulties encountered in defining the neural control of renin secretion and provides a possible explanation why seemingly similar experiments can yield different results. Reduction in or complete interruption of afferent vagal traffic from cardiopulmonary receptors may or may not result in an increase in the secretion of renin depending on (1) the cardiopulmonary receptors being the only system involved, as in nonhypotensive hemorrhage or prior inactivation of sino-aortic baroreflexes; (2) interaction with another reflex system, as shown by the failure of vagal block to release renin when the carotid baroreflexes are functioning normally, and the release of renin when the carotid baroreflex is partially or wholly unable to compensate for interruption of cardiopulmonary inhibition; and (3) whether the dog is maintained on a normal or a high sodium diet.
The study provides some insight into the possible physiological role of cardiopulmonary receptors with vagal afferents. These receptors respond to acute moderate decreases in blood volume that are not sufficient to change arterial blood pressure and so alter input from arterial baroreceptors. The resultant increase in the secretion of renin and activation of the renin-angiotensin-aldosterone system would imply a role for these receptors in the long-term regulation of blood volume.
